Abstract: Scanning electron microscopy (SEM) investigations have been conducted to determine the influence of selected material on tissue/material bonding. Extracted human teeth were used in this study. Several resin composites were tested as dental fillings. To reveal the structure of the tissue/filling interface, the teeth were cut parallel to the long axis. Bonding quality was determined by direct SEM observation and microanalysis with X-ray energy spectrometry (EDX). The investigated materials show good bonding with enamel.
Introduction
Amalgam, due to the toxicity of mercury, is gradually replaced by non-metallic materials, in particular ceramic-polymer composites [1] . One of the disadvantages of such composites is a considerable shrinkage of the matrix during polymerization, which can lead to cleavage and subsequent rotting at the tissue/filling interface.
Good tissue/filling material bonding quality determines perspectives of restorative dentistry. Bad bonding quality can lead to cleavage and subsequent rotting at the tissue-filling interface or secondary caries. The marginal integrity of stomatology materials depends on several factors. During restorative procedures, cavity size [2] , placement technique [3] , and dentine pretreatment [4] may have significant influence. After placement, material properties such as polymerization shrinkage [5] , Young's modulus [6] , and water sorption [7] can affect the integrity. Adhesion of resin composites could be improved by special bonding systems or reduction of polymerization shrinkage. Debonding of filling material may take place after some time of exploitation due to thermal, mechanical and chemical stress on the adhesive interface [8] .
Teeth/material bonding has been studied extensively in the last decade [9] [10] [11] . The purpose of this study was to evaluate tissue/material bonding quality by direct SEM observation and EDX three days after placement. 1
Materials and methods
Extracted, healthy human teeth were used in this study, which aimed at comparison of different filling materials: Tetric Ceram (A), Dyract (B), Definite (C), and Filtec (D).
Test materials and components are given in Tab. 1. Teeth were prepared by slowspeed diamond bur. Both enamel and dentine were etched by 37% phosphoric acid and bonding agents were used according to manufacturer instruction.
To reveal the structure of the tissue/filling interface the teeth were cut parallel to the long axis. Grinding by abrasive papers with increasing gradation and polishing with diamond suspension were employed. Specimens were dehydrated in a water/ethanol mixture with the ethanol content increasing from 50% to 100% during 24 h. Finally, the specimens were immersed in acetone for 15 min.
Observations of teeth/material bonding were carried out by SEM. Low vacuum mode was used at an accelerating voltage of 15 kV. Dentine/material bonding quality was evaluated by microanalysis with X-ray energy spectrometry (EDX). Bis-GMA = bisphenol-A-glycidyl; UDMA = urethane dimethacrylate; TEDGMA = triethylene glycol dimethacrylate; TCB = tetracarboxylic acid hydroxyethylmethacrylate ester; Bis-EMA = ethoxylated bisphenol-A-glycidyl methacrylate. 
Results and discussion
A typical SEM image of a dental resin composite is presented in Fig. 1 Structures of the enamel/filling interface examined in the present study are shown in Fig. 2 . Qualitative analysis of SEM images indicates generally good enamel/material bonding quality for all investigated materials. 3 shows the structures of the dentine/filling interface. Gaps could be observed between material and tissue. Bonding for material B is partly continuous (Fig. 3a) . Good dentine/filling bonding quality for material C has been noted (Fig. 3b) . A fissure along the entire bonding was observed for resin composite D (Fig. 3c) . Differences in bonding for different materials result from various properties of investigated materials, for example polymerisation shrinkage. Some gaps and cracks may result from too intensive drying.
Material C (Ormocer) shows the best bonding. Ormocer is a newly developed type of inorganic-organic hybrid dental materials. The aim was to reduce polymerization shrinkage and to improve among other things the marginal adaptation [12] . Ormocers are characterized by better adhesion than classical resin composites or compomers. Fig. 3 . Structure of the dentine/filling interface. Materials used as fillings were: B, C, D
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In order to prove bonding, microanalysis with EDX has been performed for materials B and C (Fig. 4) . If there is a gap between tooth and filling material, counts decrease to zero. Microanalysis indicates that both materials B and C were bonded with the dentine. There were mainly Si, P, Ca from fixed elements in the bonding area for material B (Fig. 4a) . In the case of material C the bonding layer was very thickabout 40 µm. There were in majority Si and Ca from fixed elements (Fig. 4b) .
Summary
SEM observations of teeth/material bonding were carried out on a series of specimens. Microanalysis was performed with X-ray energy spectrometry (EDX) in the bonding area.
Good enamel/material bonding was generally observed for all kinds of materials investigated. Dentine/filling bonding quality was in contrast much worse. The kind of material had an influence upon this bonding. Good dentine/filling bonding was observed for resin composite C, while for material B bonding was partly continuous. A fissure was observed along the entire bonding for D. Fig. 4 . Result of X-ray energy spectrometry (EDX) for different materials: B, C
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